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SUMMARY 



Because of problems associated with quality 
maintenance and germination of stored bulk 
cottonseed, factors relating to seed moisture 
content and storage temperatures were studied. 
Preliminary observations were made to deter- 
mine the effectiveness of prevalently used sys- 
tems for moving 1 air through stored bulk cotton- 
seed. Uneven air distribution and high static 
pressures in the systems contributed to the poor 
storage conditions. 

By moving relatively small amounts of atmos- 
pheric air through stored cottonseed, gin proc- 
essing 1 heat can be removed, minimizing or elim- 
inating- mold growth. Aeration, in most cases, 
can effectively remove any hot spots that may 
develop during storage from excessive moisture 
or other causes, Cooling stored cottonseed to a 



temperature range of 50 to 00 F can help to 
prevent free fatty acid increases and maintain 
initial seed viability. 

Many originally installed aeration system de- 
signs develop high static pressures requiring 
high power inputs and deliver insufficient 
amounts of air. With improved system designs 
and selection of more suitable equipment and 
operating procedures, stored cottonseed can be 
effectively cooled with up to 90-percent saving 
in power inputs. 

This publication provides the engineering in- 
formation necessary for the design and installa- 
tion of efficient aeration systems for all com- 
mon styles of cottonseed storages. Sample calcu- 
lations for equipment selection and system de- 
sign are included in the appendix. 



INTRODUCTION 



Cooling cottonseed as it comes from the gin, 
often at temperatures of 90 to 100" F, and 
maintaining the stored mass under conditions 
that will prevent hot spots and moisture buildup 
are necessary to avoid quality loss. High temper- 
atures encourage mold growth, contribute to 
poor oil quality by increasing free fatty acid con- 
tent, and decrease the viability of seed to be used 
for planting. The most economical means avail- 
able for. maintaining cottonseed at safe tempera- 
tures in storage is aeration by an efficient fan 
and duct system. 

It has been common practice for many years 
to equip cottonseed storages with some mechani- 
cal means of moving air through the stored seed. 
but many of these systems were installed with 
little reference to engineering principles. The 
static pressures associated with the different 
depths of seed and the airflow rates involved 



must be taken into consideration to achieve an 
efficient design. 

Currently, most air-moving systems use some 
type of wooden pallet placed over openings in 
the floor that lead through underground pipes to 
the fan. In many of these systems much of the 
static pressure is created in the cottonseed sur- 
rounding these pallets. Small-diameter pipes un- 
der the floor add to total static pressure loss by 
carrying air at high velocities (appendix table 

6). ' 

High static pressures and high fan speeds do 
not mean that large amounts of air are being 
moved or that satisfactory cooling is being ob- 
tained. In many old aeration systems, small 
amounts of air passing through small openings 
caused a whistling sound, which was considered 
to denote a pood or satisfactory svstem. Many 
of these whistling systems are inefficient or in- 
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capable of cooling- the cottonseed properly. Sys- 
tem modifications or improvements can provide 
a more efficient and practical operation, in most 
cases at lower cost, 

Cottonseed storage building's vary from '10 to 
150 ft in width and from GO to several hundred 
feet in length. The older building's are usually of 
wood frame construction with sheet-metnl ex- 
terior walis. A few old building's may have wood 
floors, but most have concrete floors. Many of 
the newer buildings have steel framing; and 
sheet-metal exterior walls. Some of the smaller 
ones are of flat construction (with straight wide- 
walls and relatively flat roofs), but most of the 
larger ones have relatively low sidewalls with 
sloping roofs that reach 100 ft or more in height. 
This publication presents engineering- data 
useful in the design of efficient and effective 
aeration systems, particularly for deep storag'e, 
where static pressure (resistance of cottonseed 
to airflow) is the most important factor to be 
considered in aeration system design. 

The information presented here includes re- 
sults of over ft years of study of commercial cot- 



tonseed stoniKe. Airflow rales, .static pressure 
measurements, and power imi! inputs won; re- 
corded for storage with cottonseed depths from 
1.0 to SO Hand with airflow rates of Ll to 20 cubic 
feet per minute (l't"/niin) per Ion of seed, l.'revit- 
Icnlly used systems and improved systems were 
studied, and their operations compared for uni- 
formity of seed cooling in various masses, and 
for power requirements. IWer saving's of ils 
much ;is!)0 percent resulted from improving H ys- 
ti'iti design. 

The information in (his report applies spoeifi- 
t'ally to design, equipment selection, and instal- 
lation for aeration systems in commercial cot- 
tonseed storage. The information should be use- 
ful lo design engineers, eiiuipnieiil suppliers, 
storage 1 operators, and others who may IKS in- 
volved in designing, selecting, and inslalliiiff 
equipment. Storage operators who may want to 
make, (heir own iniprovenionls will find thodata 
on operating procedures of value whether they 
already have aeration systems or plan to install 
them, 



AERATION SYSTEM DESIGN, EQUIPMENT SELECTION, AND 

INSTALLATION 



Most aeration systems have these principal 
parts; (1) one or more fans to supply tho re- 
quired amount of air at the necessary static 
pressure; (2) ducts to move the air into or out 
of the cottonseed; (3) supply pipes to connect the 
fans and ducts; and (<l) a motor to operate each 
fan. 

Before designing a system and selecting- aera- 
tion equipment, the following factors should be 
considered: (1) the size and type of structure 
in which the system is to be installed; (2) the 
depth of the cottonseed through which the air 
will be moved; (3) the desired airflow rate per 
cubic foot (or per ton) ; and (/I) tho quantity of 
cottonseed to be served by each fan, 

After these points have been considered deter- 
minations should be made for (l) total air vol- 
ume to be supplied; (2) the .static pressure 
against which the fans must operate; (3) the sixe 
and type of fan and motor needed; and (4) the 
type and size of aeration ducts and supply pipes 

' ' ' " 



Types of Systems 

Aerntion systems for tin- satisfactory distri- 
bution of air and the cooling of stored cottonseed 
are of two general types, manifold and central 
duct. The two types will work equally well with 
stored cottonseed for oil extraction. However, a 
manifold system is more flexible, making- it most 
suitable for storage, of seed lor planting'. 

ManifoM Hi/nit<tH.]i\ a manifold system one 
fan can be connected to ducts in I wo or more 
storage, bins or lo a number of duets in the same 
bin or compartment, Slide giiU-s or dampers in 
tho supply pipes can be used to control aeration 
of individual bins. 

This system has several advantages for the 
storag-e of planting- st;ed. Aeration can he started 
as soon as enoug-h seed is placed in storage to cov- 
or one. or (wo duels to a sig-nifieanl depth. As 
additional seed is stored and more ducts covered, 
additional slide g-ates can he opened. If an area 
IK not cooling' or a hot spot develops, all the galos 
can bo closed except tho one to the trouble spot, 
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and all aiv directed through that area. Adjust- 
ments are also easily made for selective removal. 
A manifold system in a storage having a large 
floor urea usually has aeration ducts extending 
from one side to the other, connected to one or 
more supply pipes outside the building. The 
aeration ducts are parallel to each other and 
spaced a distance not greater than 1 '/> times the 
depth of the stored seed. 

A manifold system is difficult to adapt to stor- 
ages of seed for oil extraction in which seed is 
stored at considerable depths. Unloading may be 
by portable screw conveyor, front-end loader, or 
other mechanical device, and ducts on the floor 
must be removed while such equipment is in use. 
For some planting-seed storages, it may be prac- 
tical to build ducts into the floor. However, this 
type of construction would be prohibitively cost- 
ly for most oil mill storages, 

Manifold systems may result in inefficient use 
of a relatively large fan and motor unless all 
units of the system are being aerated. Also, there 
is usually some loss in air pressure around the 
slide gates or dampers in the supply pipes, and 
loss of pressure by friction in a long manifold 
reduces the volume of air delivered by the fan. 

Central duct system. A central duct system 
may have one or two large ducts running the 
length of the storage. Two ducts are necessary 
when the width of the storage is considerably 
greater than the depth of the seed. With this type 
of system, only a short supply pipe may be 
needed since the fan is located outside one end 
of the storage, However, the fan may be located 
at the side of the building with the supply pipe 
connected to the center section of the duct. 

Much larger ducts are used in this system than 
in the manifold system, since each duct must 
aerate a larger amount of seed. Airflow rates are 
usually lower in oil mill storages because of high 
static pressures developed when cottonseed is 
80 ft or more deep. Up to a point, greater com- 
paction also results from increased seed depths, 
which further increases the static pressure. 
Therefore, the total static pressure in a deep 
storage makes it impossible or impractical to 
aerate at the high airflow rates used in planting- 
seed storages having lesser depths. 

The tunnel in a central duct system serves two 
functions. It is used for aerating the stored cot- 



tonseed, and also for unloading the cottonseed 
from the storage. A conveyor belt or similar de- 
vice usually is located in or on Lhe floor of the 
tunnel. Access to the cottonseed is available 
through the tunnel, and the seed from all points 
in the storage is moved into the tunnel by con- 
veying devices or other mechanical means, 

This system allows for only limited selection 
of air movement through any specific part of the 
storage, although by using tunnel gates or bulk- 
head doors, parts of the storage can be closed off 
to increase the airflow rate. 

The clear floor provided by a central duct sys- 
tem permits the use of front-end loaders or other 
mechanical equipment for moving 1 the cottonseed 
out of the storag-e. Another advantage of this 
system is that it avoids the necessity of relocat- 
ing the ducts on the floor prior to each storage 
season. Also, once the storage is filled, the fan 
and motor operate at maximum efficiency. 

With this system, once parts of the tunnel are 
uncovered during unloading, no additional aera- 
tion can take place. Neither can aeration and un- 
loading be concurrent, since access to the tunnel 
is usually necessary for the unloading opera- 
tions. 

Airflow Requirements 

Airflow rates given in this report are based on 
the results of 6 years of research supplemented 
by industry experience in the major cotton pro- 
ducing areas of Southeast, Midsouth, and West- 
ern United States. These rates can be used as a 
basis for estimating fan and motor sizes and ca- 
pacities, duct size and spacing, and supply pipe 
sizes in designing an aeration system for cotton- 
seed. 

A designer must recognize, however, that air- 
flow is nonuniform in most aerated storages. 
This is especially true in Muskogee-type or peak- 
loaded storages where cottonseed depths may 
vary from 10 ft at the sidewalls to 100 ft at the 
peak of the mass. Since air moves along the path 
of least resistance, the duct should be of suffi- 
cient size and in a location (in nommf form-depth 
storages) so that the air flows along a semicircu- 
lar path (fig, 1). Some parts of the cottonseed 
mass are aerated at a higher airflow rate than 
others. Therefore, in selecting an airflow rate, 
consideration must be given to the lowest rate 
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that can be tolerated in any portion. In deep stor- 
ages the importance of total static pressure way 
be increased as a factor in selecting the airflow 
rate to be used. The portion of seed having the 
lowest airflow* rate determines the time required 
lor satisfactory aeration. 

In planting-seed storages, the depth of cotton- 
seed is likely to be more uniform, with a lower 
maximum. Higher airflow rates are possible and 
necessary for planting seed; these may be as high 
as 20 ft 7 min/ ton. Rates of not less than 10 
ft '/ niin/ ton or i/ ft :: /min/ft :i are recommended 
for aerating cottonseed stored for planting pur- 
poses. Planting- seed lias a value 3 to 4 times that 
of oil seed and more precautions must be taken 
to preserve its quality and viability. Airflow 
rates as low as 2 f tv'min/ton or 1/40 ft :: /min/ft :i 
of cottonseed have provided satisfactory cooling 
in oil mill storage. 

Most systems are designed to aerate an entire 
storage simultaneously. However, in storages 
having- lateral or other multiple duct arrange- 
ments with gate valves or dampers, individual 
parts of the storage may be aerated. However, if 





FIGURE IHalf-round duct (top) with uniformly spaced 
perforations permits air to flow from cottonseed into 
fluet with minimum resistance (bottom). 



the system is designed to aerate the entire stor- 
age simultaneously, the time required to cool the 
whole cannot be decreased by increasing tho air- 
flow rate by aerating 1 only a part at a time. 

Direction of Airflow 

The general practice when aerating cottonseed 
is to arrange fans so that they draw the air down- 
ward through the stored cottonseed, because (1) 
the natural tendency for air to move upward 
from the warm cottonseed to the cool upper sur- 
face is in part offset; (;) the exhaust air, which 
is usually warm and moist, is expelled from the 
warm cottonseed in the lower part of the bin and 
not through the colder upper surface where sonic 
condensation might occur; and (3) the operator 
can check the condition of the cottonseed by de- 
tecting any offensive odor in the exhaust air. 

There may be some advantages in changing 
this practice and forcing air upward through tho 
cottonseed, particularly early in the season. The 
chief advantage of reversing the direction of 
flow would be that heat collected under the roof 
can be forced out rather than being' drawn down 
through the cottonseed. Also, the warmer cot- 
tonseed near the surface can be cooled without 
moving the warm air from under the roof 
through the cooler cottonseed beneath it. This 
can shorten cooling time and thus .reduce cost, 

There are, however, some hazards in using 
upward airflow, particularly during those times 
of the year when there is a great difference be- 
tween day and night temperatures. Moisture 
from warm air moving upward through the cot- 
tonseed can condense in the upper cooled layers. 
Then this damp layer promotes mold growth and 
deterioration. Another hazard of upward air- 
flow is that moisture from warm, moist air may 
condense on the cold roof and drip back onto the 
surface of the seed. 

Fan Requirements 

In selecting a fan for aeration, the following 
must he considered: (1) volume of air to be de- 
livered; (2) the static pressure at which the fan 
must operate to move the air through the cotton- 
seed and aeration system; and (3) noise level of 
the fan. The volume of air to be delivered is de- 
pendent on the amount of cottonseed to be 
aerated and the airflow rate desired. Higher air- 
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flow rates can be used with shallower cottonseed. 
AH the depth o:I.' seed increases the total static 
pressure increases. In dee]) storages the practical 
airflow rate may be as low as 2 ftYmin/ton. The 
total volume of air to be delivered is the airflow 
rate per ton times the tons to be aerated. 

Static pressures will vary with airflow rate, 
depth of storage, amount of linters on the seed, 
and resistance oL'the aeration system. The resist- 
ance of cottonseed is affected mainly by the 
amount of linters on the seed and by compaction. 
Research presently underway indicates that 
compaction does not appreciably increase the 
static pressure per foot of depth after the depth 
has reached 45 ft. Airflow rate and depth of cot- 
tonseed are the main factors contributing to the 
total static pressure of any well designed system. 

To illustrate, in moving 5 ft'/min of air per 
ton through '20 ft of cottonseed, the total static 
pressure would be approximately 2.75 inlLO. In 
comparison, cottonseed '10 ft deep at the same 
airflow rate, 5 ftVmin/ton, would present static 
pressure of over 1 2.2 inlLO, Varying; the airflow 
rate also affects the static pressure and power 
required (table 1). 

Static pressures in Muskogee-type or deep 
storages with cottonseed 75-100 ft deep may be 
as high as 20 to 25 inlL.O even with airflow rates 
of 1.5 to 2.0 ftVmin/ton of seed. 

Noi.se is associated mainly with the type of fan 
and fan speed. In locations where noise is not a 
problem, any fan that satisfies the air volume 
requirements can be used. Propeller and axial- 
flow fans usually operate at the highest speeds 

TAMLF, 1. RtiKintdnce of cotf-nnxwd to air/loir at- 

specified ralen of flow and depth of need 

in level storage 



Depth, 
ft 


Airflow, 
ftVmin/ton 


Static 
pressing, 

inH,0 


Power 
requirement, 
hp/1,000 tons 


20 


r> 


2.7 B 


3.50 


20 


10 


fi.40 


19.00 


20 


15 


10.RO 


13.00 


30 


5 


(5.50 


10.00 


;!0 


10 


15.75 


'12.50 


130 


If) 


20.BO 


LOO.OO 


40 


5 


12.25 


17.00 


-10 


10 


30.50 


80.00 


40 


IB 


52.50 


210.00 



and produce the most noise. .Blower or exhaust 
fans will operate with much less noise. A blower 
one or two sixes larger than necessary will furth- 
er reduce the noise level by operating at less than 
maximum speed to deliver the required amount 
of air. 

Types oi : Fans 

The fans most commonly used for aerating 
cottonseed are of the centrifugal (radial-flaw) 
type. The propeller (axial-flow) fan may be 
used where static pressure is not more than 13 to 
4 inlLO. Centrifugal fans must be used to aerate 
deep storages. 

Three types of centrifugal fans are shown in 
figure 2. The forward-curve fan (fig. 24) lias a 
large number of blades and operates at a rela- 
tively low speed; the motor may be overloaded 
if the static pressure is decreased, causing an in- 
crease in air delivery. This type of fan is not 
recommended for aerating cottonseed when the 
motor load will vary considerably between the 
beginning- of the season with a partially filled 
storage and the end of the season with the stor- 
age full. 

The backward-curve centrifugal fan (fig. 27?) 
is a high-speed fan that usually has 12 blades. It 
is slightly more efficient than a forward-curve 
or straight-blade fan. One of its advantages is 
that it has a self-limiting horsepower character- 
istic. If an adequate-sized motor is used, and the 
fan is operating near the point of greatest effi- 
ciency, there is no danger of the motor being 
overloaded. 

Figure 2C shows a centrifugal fan with 
straight blades, sometimes called a pressure fan, 
or, more commonly, an industrial exhauster. This 
type of fan, widely used in aerating cottonseed, 
also has some overloading characteristics when 
static pressure is reduced but will not overload 
as much as a forward-curve fan. Common prac- 
tice is to have a slide gate or damper in the sup- 
ply pipe leading to the fan; the gate is adjusted 
to maintain a relatively constant static pressure 
on the fan, depending on the amount of cotton- 
seed being aerated. 

Three types of axial-flow fans are shown in 
figure 3. Basically they are low-pressure fans, 
hut certain designs are suitable for operation up 
to medium pressure. 
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Figure 2. Centrifugal fan constating 
of a fan rotor or wheel within a scroll 
type of housing. It is designed lo 
move air over a wide range of vol- 
umes and pressures (up to 15 inches 
of water and above). The fan wheel 
may be equipped with radial Up 
blades or three other types. 




A. Fan wheel equipped with for- 
ward curve tip blade. 



B. Fan wheel equipped with back- 
ward curve tip blade. 



C. Fan wheel equipped with straight 
tip blade. 



B 



C 
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A. TUBEAX.1AL FAN 

A tubeaxial fan consists of an nxinl flow 
wheel within a. cylinder. It is designed to 
move nir through a wide range of volume at 
low to medium static pressures, 




GUIDE VANE 




GUIDE VANE 



B. VANEAXIAL FAN 

A vammxiiiL fan consists of an axial flow 
wheel within a cylinder combined with a set of 
nir guide vanes "located either before or after 
the wlu'cl, It is designed to move air over a 
wide range of volume and pressures 




C. PROPELLER FAN 

A propeller fan consists of an axial flow fan 
within i mounting ring or plate. It is de- 
HlKtiod to move air over a wide range of volume 
at low static pressures. 




FIGURE 8. Axial-flow fans. 
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The centaxial fan (fig. 4), relatively new in 
design, is being used in some of the latest aera- 
tion systems. The combination design has the 
characteristics of both the axial and centrifugal 
fans. The fan housing is cylindrical, with a ven- 
turi inlet and guide vanes at the discharge. The 
fan wheel has airfoil blades which combine the 
characteristics of the airflow propeller fan and 
the back-curved centrifugal fan. It has a low 
noise level and is nonoverloading. This fan offers 
the installation simplicity of the axial-flow de- 
sign with the performance of the centrifugal. Its 
efficiency is very good, and it will perform at 
pressure ranges up to 16 inl-LO at relatively low 
speeds, 

Fans should be selected on the basis of the 
performance ratings supplied by the manufac- 
turers, which specify the volume of air delivered 
by the fans at various static pressures. Reliable 
performance ratings are assured if the fans are 
rated in accordance with the testing code of the 
Air Moving and Conditioning Association, 



Fan Connections 

No aeration system can perform at its best un- 
less the fan is connected properly. A poor fan 
connection can reduce airflow by 25 percent or 
more. 

Air should enter the fan in as near a straight 
line as possible. Short inlet elbows restrict nil 1 
output (fig. 5). Elbows with a large throat lose 
less by friction and help to straighten the air- 
flow before it enters the fan. Short elbows on the 
discharge side of the fan can also restrict flow 
(fig- (5). 

All abrupt changes in pipe size and flow direc- 
tion can cause reductions in airflow (fig. 7). 
Standard sheet-metal construction recommenda- 
tions should be followed for all elbow, transition, 
and junction fabrication. 

Types of Ducts 

Ducts may be round, half-round, rectangular, 
or an inverted V-shape. Perforated floors over a 
plenum are seldom used for aeration because of 




FIGURE !, Centaxial fan with airfoil 

inH., 
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operating at relatively low speeds. 
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OUTLET/- 



INLET 



A 



CENTERLINE 
RADIUS NOT 
LESS THAN 
1.5 PIPE DIA 




Q 



FIRUHK 5. A short inlet elbow (A) should be avoided 
since it restricts [an output; longer elbows (/?) arc 
butter. 




'-FAN OUTLET 




FAN OUTLET 



CENTERLINE 
RADIUS NOT 
LESS THAN 
1.5 PIPE DIA, 



(i. A short elbow attached to a fan outlet (/I) 
reduces the fan output. A longer elbow (/?) is better. 



POOR 
A 



POOR 
B 



POOR 
C 




IMPROVED 
D 




IMPROVED 





IMPROVED 

F 



FIGURE 7, -Abrupt changes in pipe size and flow direc- 
tion reduce airflow (A, n, C) . Fabrication by good 
sheet-nit'tal practice maintains efficiency and re- 
duces pressure loss (D, E, F). 



their relatively high cost. Ducts spaced on top of 
the floor are less costly and have proven satis- 
factory, although they may produce some non- 
uniform airflow. 

Perforated ducts have openings spaced uni- 
formly over their surfaces to permit air passage 
through the duct surf nee. The open surface area 
should be at least 10 percent of the total duct 
surface area; 15 percent is better. 

Openings must be small enough to prevent the 
cottonseed from passing- through. Round holes 
up to three-sixteenths inch in diameter will re- 
tain normal-size f uxzy cottonseed. 

Perforated ducts commonly are made of 
punched corrugated sheet metal, formed into 
half-round sections (fig, 8). Flat perforated 
metal may be used if strengthened with angle 
iron or pipe inside the duct. These perforated 
metal ducts may be constructed in sections 2 to 
10 ft long to obtain the overall length needed 
and, at the same time, provide for easy assembly. 



Another type of duct is made of 2-by-4 wood 
members on edge covered with evenly spaced 1- 
by-4 boards (fig. 0) . These ducts resemble per- 
forated ducts in that the air can enter the surface 
rather uniformly. The spaces between the boards 
usually are covered with hardware cloth to keep 
the cottonseed from passing through. These 
ducts are not as durable as metal ducts. 

Tight-wall metal ducts, with one side open and 
facing downward, are also used as aeration 
ducts, The inverted V is a commonly used shape. 
This type of duct has a small equivalent open 
surface area and is limited to use with small 
amounts of seed at low airflow rates. 

The important dimensions of a duct system 
are (1) the amount of surface area of the duet, 
which affects the static pressure losses near the 
duct; (2) the cross-sectional area of the duct, 
which influences air velocity within the duct; the 
length, which affects the uniformity of airflow 
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Total air volume, ftymin 
Air velocity, ft/ mm 



cross section, ft" 




PN 3(142 

.-Semicircular, perforated, corrugated duct 
with air opcniiiR-s spaced uniformly over the surface. 

Durt surface urea equals diameter squared x length 
X 0.7854. 

through the cottonseed; and (3) the distance be- 
tween ducts (duct spacing) , which influences the 
distribution of airflow through the cottonseed. 
Designing an aeration system requires determi- 
nation of the optimum combination of these vari- 
ables. 

Duct Cross-Sectional Area 

The maximum allowable air velocity within a 
duct determines the minimum duct cross section, 
\vhich equals total air volume carried in the duct 
divided by the design air velocity. 



In most cottonseed storages, an air velocity 
within the duct of 1,500 ft/min is recommended. 
Velocities of 2,000 ft/min are permissible in 
ducts up to 15 ft in length. In most deep storages 
holding large quantities of seed, the duct cross 
section will be sufficient when the required sur- 
face area for seed aeration is provided. 

Duct Surface Area 

Pressure losses can be held to a minimum by 
limiting the velocity of the air leaving the cot- 
tonseed next to the duct. This velocity is influ- 
enced by the amount of surface area in the per- 
forated duct and the airflow rate used. With 
half-round perforated ducts the air leaves the 
cottonseed over the entire surface area (fig. 1) , 

Air velocity should be limited to 10 ft/min 
through the cottonseed near the duct for seed up 
to 25 ft deep. In storages deeper than 25 ft, ve- 
locities up to 20 ft/min can be used in calculating 
the amount of duct surface needed. 

The total surface area required for a perfor- 
ated duct can be determined as follows: 

Total air volume of duct, ft-'/miu 

c. . . , , ; ,. , .. total surface 

selected duct surface velocity, 

f , , . area per 

ft/mm , . ' 

duct, ft-, 

A duct that is to handle 800 ftVmin at a vel- 




D.-Ducts constructed of 2-by-4 wood nnLer, on ed K e covered with l-by-4 boards evenly .spaced. 
cloth is usctl to prevent cottonseed from falling through the spaces. 
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ocity of 10 ft/ min, should have a total square 
foot surface area equal to 800 ftymiii-r-10 ft/ 
min 80 ft". Thus a perforated half-round duct 
25 ft long requires 80ft-~-26 ft=3.2 ft" of duct 
surface area per foot length. A perforated half- 
round duct 24 inches in diameter would meet 
these requirements satisfactorily (appendix, ta- 
ble 3). 

Ducts for Planting-Seed Storages 

The design of duct systems for planting-seed 
storages is most important, since the removal of 
excess heat from the seed is the prime function 
of the system. Most planting-seed storages are 
loaded fairly level. However, if some peaked 
loading occurs, this further complicates system 
design. Half-round metal ducts, of 16- to 20-gage 
corrugated or smooth sheet metal with perfora- 
tions uniformly spaced over the surface, are 
available commercially and are commonly used. 

Ducts may be installed along the length or 
width of the storage, but crosswise ducts are 
preferred because they provide a better airflow 
distribution with shorter ducts, aeration can be 
started before the storage is filled, airflow can 
be concentrated in selected areas for removal of 
hot spots, and aeration can be continued after 
unloading has started in areas that still have 
stored cottonseed. 

For level-loaded storages with crosswise ducts 
the duct size is calculated as given under "Duct 
Surface Area." The spacing of the ducts is deter- 
mined by the depth of seed and the airflow rate 
used, but should not exceed IVa times the depth 
of the seed. A spacing no greater than the seed 
depth is preferred. However, when the depth of 
cottonseed is more than 20 ft, duct spacing usual- 
ly is reduced. For example, for an air velocity of 
10 ft/min and cottonseed depths greater than 20 
ft, the duct surface area required per foot length 
of duct exceeds 5 ft", requiring a half-round duct 
over 38 inches in diameter. Closer spacing per- 
mits use of smaller-diameter ducts; this usually 
is more economical and practical'even though 
more ducts are needed. 

In level-loaded storages with tight sidewalk, 
the aeration ducts may extend across nearly the 
entire width of the building (fig. 10) . In storages 
requiring less duct surface area, the ends of the 



ducts may be several feet from the outside wall 
(fig. 11). 

Storages having no central unloading tunnel 
can have crosswise aeration ducts connected to a 
supply pipe extending down the center of the 
storage on top of the floor. This supply pipe 
should be large enough to permit access to the 
gate valves for each cross duct. Supply pipes may 
also be provided under the floor (fig. 12). A 
more practical method with easier access to the 
gate valves is to locate a manifold pipe along the 
outside of the building, usually at floor level. 

Wide storages with long ducts may have a 
manifold pipe on each side of the building (fig. 
13). With this configuration, each half of the 
storage is essentially an independent aeration 
system. If the inner ends of two crosswise ducts 
are in contact, a block should be placed between 
them. In this way, each half of the ducting can 
be controlled independently. 

For peak-loaded flat storages, greater consid- 
eration must be given to the size and spacing of 
the ducts because of the uneven depth of cotton- 
seed. If the maximum depth of cottonseed is only 
half or slightly greater than the width of the 
storage, a central aeration duct placed length- 
wise (fig. 14) may be sufficient. Such a system 
is practical in relatively small storages that can 
be filled rapidly and aeration started soon after 
filling. The system will also work well in larger 
storages, but the selection of areas through 
which to concentrate the air movement for re- 
moving hot spots is limited. An engineering an- 
alysis is important in a proposed duct system of 
this type. 

One method of determining duct spacing is 
that used in designing grain aeration systems, as 
described in U.S. Department of Agriculture 
Marketing Research Report No. 178, "Aeration 
of Grain in Commercial Storages." The ducts re- 
quired are located lengthwise and spaced so that 
the longest air path served by any duct is no more 
than 11/2 times the shortest air path served by 
that duct (fig. 15). 

Another method, used with only two length- 
wise ducts, is to locate each of them so that 
its horizontal distance from the outside walHs 
equal to the shortest distance (perpendicular dis- 
tance) from the cottonseed surface to the duct 
(fig. 16). This can be done by scribing an arc, 
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PLAN 

SCALE IN FEET 
2 4 6 8 10 



I5"DIA. PIPE 
2J" DIA. PIPE 
26" DIA. PIPE 



34" DIA. PIPE 
SLIDE GATE 
TO FIT FAN 



TRANSITION FROM 38" HR TO 15" DIA. PIPE 
TRANSITION FOR DIFFERENT PIPE DIAMETERS 

38" DIA. HR PERFORATED CORRUGATED 
AERATION DUCT OR EQUIVALENT 



system Jtiyout for 

with the duct location as the center point to de- 
termine when the two distances are equal 

Tests in aerated commercial storages showed 
that air first moves radially in a half-circle area 
round the duct, then at right angles to the cotton- 
seed surface depending on the spacing of the 
ducts and the depth of cottonseed. In grain 
stud.es, Ives. Hukill, and Saul' state: "In non 
linear or duct type (two-dimensional airflow) 
systems all airflow streamlines are straight and 

' Ivcs, Norton C.. Huhill, W. V., nncE Saul, R, A. 1959 
Gram ventilation and drying; patterns. Trans ASAF 
(Am. Soc, Ajri-ic. Ens.) 12: 05-iQl. 



parallel above a level equal to approximately one- 
half of the center-to-center duct spacing, but 
there is a stagnation point, midway between the 
ducts, where there is practically no air move- 
ment." Because of this radial airflow, the cotton- 
seed halfway between the ducts cools the slow- 
est. Consideration must be given to duct spacing 
in order to minimize the amount of poorly aer- 
ated cottonseed between the ducts. As duct spac- 
ing is increased, the amount of cottonseed that 
cools too slowly also increases. 

In peak-loaded storages where the cottonseed 
unloading tunnel is used as the supply pipe, tlio 
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PLAN VIEW 

SCALE IN FEET 
02-1 6 10 

30" DIA. HR PERFORATED CORRUGATED 
AERATION DUCT OR EQUIVALENT 

21" DIA. HR PERFORATED CORRUGATED 
AERATION DUCT OR EQUIVALENT 

TRANSITION FROM HR TO ROUND PIPE 



10" DIA. PIPE 

IS" DIA- PIPE 

16" DIA PIPE 

SLIDE GATE 

TO FIT FAN 



FIGURE 11. Aeration system layout for flat storage based on cottonseed 14 ft deep and aerated at 10 ffcVmin/ton. 



ducts may be larger in diameter but shorter in 
length to eliminate or reduce short air paths (fig. 
17) . The uneven depths make it necessary to re- 
duce short circuiting of the air through the 
shallower parts of the cottonseed. One method of 
determining' the duct length is to scribe an arc 
from the outer end of the duct, making the hori- 
zontal distance to the outside wall equal to the 
shortest distance (perpendicular distance) from 
the cottonseed surface to the duct, Analysis is 
necessary to determine duct sizes. Several duct 
sixes and lengths may be calculated and plotted 
to determine the best arrangement for a specific 
system. 

Should a supply pipe be located under the floor 
of the cottonseed unloading tunnel (fig. 18) with 
the same system arrangement as given above, 
precautions must lie taken to prevent short cir- 



cuiting of the air from the tunnel into the ducts. 
Covering the tunnel with plastic sheeting so it ex- 
tends out onto the floor is one way to seal the 
tunnel. 

Ducts for Deep or Muskogee-Type Storages 

In deep or Muskogee-type storages, designing 
an effective aeration system is more complicated 
than for the peak-loaded storage. Many systems 
now in use designed without sufficient consider- 
ation of the extreme variations in cottonseed 
depth. Thus, most of the cottonseed receives too 
little air to reduce sufficiently the gin heat or the 
heat of respiration. Hot spots can and do develop 
in the areas of greatest cottonseed depth. 

Normally, pallets or other ducts, placed over 
small openings in the floor, lead to small supply 
pipes under the floor connecting the ducts to 
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FIGURE 12. Aeration system layout for flat storage based on cottonseed 20 ft deep and aerated at S ftVmin/ton, 



larger supply pipes leading to the fan. It is not 
uncommon for both of these supply pipes to be 
too small to carry enough air to do the job with- 
out large pressure losses and high power require- 
ments. Usually the pallets are located too near 
the outside walls, in the shallower depths of cot- 
tonseed. They also may extend too near the un- 
loading- tunnel, with free air access to the tunnel. 
If this or a similar duct arrangement is used, air 
is short circuited through the lesser depths of 
cottonseed (fig 1 . 19). 

This kind of system may be improved by locat- 
ing the ducts closer to the tunnel, where there is 
a greater depth of cottonseed. To prevent short 
circuiting of the air from the tunnel, it is neces- 

" to seal both ends to 

mtsicle (fig. 20) . hi 

i. ue covered with a con- 



siderable depth of cottonseed at all times in order 
to maintain effective cooling. 

A better system for this type of storage is one 
that uses the unloading tunnel as the aeration 
duct. It is necessary to increase the effective open 
surface area of the tunnel sidewalls to reduce 
air velocity and pressure loss through the cotton- 
seed in this area. One way to do this is to cover 
the tunnel with hardware cloth (fig. 21) . Then, 
in effect, the whole tunnel becomes a large aera- 
tion duct. 

Another method is to install a second covering- 
over the tunnel. Wood pallets made of 2 by 4's 
and 2 by 6's are placed against the tunnel walls 
to increase the effective open surface area (fie, 
22). 

Part of each end of the unloading tunnel must 
be sealed against air movement to prevent too 
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(A) 28" DIA. PIPE SOLID BLOCK AT CENTER OF AERATION DUCT 

(D 14" DIA, PIPE SLIDE GATE 

38" DIA. HR PERFORATED CORRUGATED TRANSITION FROM 38" HR TO 14" DIA. PIPE 
AERATION DUCT OR EQUIVALENT (gj T0 nT FflN 

FlGUm<; 13, Aeration system layout for flat storage baaed on cottonseed 20 ft deep and aerated at 20 ftVmin/ton. 



much air from moving through the shallower 
seed over the tunnel (fig. 23). The minimum 
length of tunnel to be covered in storages having 
.a long roof slope is 45 to 50 percent of the hori- 
zontal projection of the roof (fig. 24) . If ade- 
quate aeration surface area can be provided, it 
would be better to cover even more of the tunnel. 
Usually the lower 2 ft of the tunnel sidewall 
are left uncovered, since, during unloading, cot- 
tonseed is moved through this space to the con- 
veyor in the tunnel. This area at each end of the 
tunnel is sealed against all air movement by cov- 



ering with plywood or some other supporting ma- 
terial. Plastic sheeting can be taped to the side 
of the tunnel above the open area and allowed to 
hang down over the plywood or other material 
and onto the floor a few inches. The cottonseed 
will hold the sheeting in place and seal against 
any airflow (fig. 28). 

An analysis of the duct surface areas and cross 
sections and supply pipe sizes is important to the 
proper system design in these large storages. The 
air velocities through the duct surfaces and in 
the supply pipes should comply with the recom- 
mendations given above. 
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AERATION DUCT SECTIONS, 3'-4" x tf-O" TO FIT FAN 

SHEET METAL TRANSITION BOARD TIGHT SECTION THROUGH WALL 

FIGURE H. Aeration system layout for flat storage when cottonseed is piled 4 ft higher along- centerlinc than nt 

sides and aerated at 10 ftVmin/ton. 
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S SHORTEST AIR PATH 
X GREATEST COTTONSEED DEPTH 
Y LEAST COTTONSEED DEPTH 
Wi AND W2 ARE HORIZONTAL DISTANCES 
TO DUCT 

FIGURE 16. Peak-loaded storage with lengthwise ducts 
spaced with longest air path not more than 1 % times 
the shortest path, 

Supply Pipes 

Supply pipes connect the duct with the fan and 
provide for air passage between the two. They 
are usually round, smooth, sheet-metal pipes. If 



DUCTS 



R IS SHORTEST AIR PATH TO DUCT 

H IS HORIZONTAL DISTANCE FROM 
DUCT TO OUTSIDE WALL 

H SHOULD NOT BE. LESS THAN R 

FIGURE 16, Peak-loaded storage with two lengthwise 
ducts spaced with the horizontal distance not less 
than the shortest ah 1 path. 

embedded in the floor, they may be either tile or 
cast-iron pipe. Exposed sheet-metal pipes should 
be well supported and anchored. An air velocity 
of 2,500 ft/min is the maximum permissible for 
supply pipes; 1,500 ft/min is preferred. 
Elbows are necessary to make turns in supply 
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-DUCTS 



R IS SHORTEST AIR PATH TO DUCT 

H IS HORIZONTAL DISTANCE FROM 
DUCT TO OUTSIDE WALL 

H SHOULD NOT BE LESS THAN R 

FIGURE 17, Peak-loaded storage with unloading tunnel 
iisml as supply pipe and with short lateral ducts. The 
horizontal distance .should not he less than the short- 
est air path, 



PLASTIC SHEETING 
...OVER TUNNEL 




DUCT 



DUCT 



UNDERGROUND 
SUPPLY PIPES 



R IS SHORTEST AIR PATH TO DUCT 

H IS HORIZONTAL DISTANCE FROM 
DUCT TO OUTSIDE WALL 

H SHOULD NOT BE LESS THAN R 

FIGURE 18. Peak-loaded storage with supply pipes un- 
der the floor connected to short lateral ducts. Tunnel 
-sidcwalls are sealed to prevent the short circuiting 1 
o.f air into the ducts, 



SHORT AIR PATHS 
THROUGH LESSER ^ 
COTTONSEED DEPTHS 





^-UNDERGROUND 
SUPPLY PIPES 

FIGURE 19. Peak-loaded storage with pallets located too 
near the tunnel and too near the outside walls in 
shallow cottonseed. Air short circuits from the tun- 
nel jind through the shallow seed. 



PLASTIC SHEETING 
i.OVER TUNNEL 



DUCTS UNDER 
DEEPER COTTONSEED 




UNDERGROUND 
SUPPLY PIPES -^ 

FIGURE 20. Improved system with pallets located near 
the tunnel under deeper cottonseed, Tunnel aide- 
walls sealed against air movement into the ducts. 



pipes. These range in shape from the simple 
miter (square) elbow to the multiple-piece el- 
bow (fig. 25). Square elbows should be avoided 
wherever possible since they cause relatively 
high pressure losses due to friction. If the use 
of square elbows cannot be avoided, the pressure 
losses can be reduced from 10 to 30 percent of the 
velocity pressure by using- splitters or vanes (fig. 
26) . However, the additional cost for these split- 
ters may not be warranted to gain the savings in 
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power. There is probably little gain in using mul- 
tiple-piece elbows with more than five pieces for 
small pipes and more than seven pieces for large 
pipes. Elbows with a centerline radius equal to 
at least IV-j times the pipe diameter are desirable 
with respect to both installation and operation. 

Loss of air pressure in an elbow is usually ex- 
pressed in terms of the length of straight pipe of 
the same diameter as the elbow that would give 
an equivalent loss. In illustration, assume two 
elbows of the same diameter carrying the same 
amount of air. The losses in a square elbow would 




PN 3647 

FIGURE 23, Portions of unloading tunnel sidewalls arc 
sealed with plastic sheeting to prevent air move- 
ment through shallow depth cottonseed. 




PN 3045 

FIGURE 21. Tunnel sidewalls are covered with hardware 
cloth. 




PN 3G4G 

FIGURE 22. -PnlJets of 2-by-G and 2-by-4 wood members 
are used to increase effective duct surface area. 



M IS HORIZONTAL PROJECTION OF 
ROOF SLOPE 

N IS MINIMUM LENGTH OF TUNNEL 
TO BE COVERED- 45 TO 50 
PERCENT OF M 

FIGURE 24. A minimum length (N) of tunnel wall in a 
Muskogee-type storage should be sealed to prevent 
air entering the duct. 

be 4 to 5 times those in an elbow having a center- 
line radius of iy% times the pipe diameter. Should 
a design call for an elbow at the end of the supply 
pipe, pressure losses can be reduced further by 
extending the pipe from the elbow a distance of 
3 or 4 times the pipe diameter. 

Branch connections in supply pipes should be 
designed to cut or slice into the airstream in or- 
der to reduce the pressure losses in them to a 
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CENTER LINE 
RADIUS NOT 
LESS THAN 
1.5 TIMES THE 
DIAMETER 



5- PIECE ELBOW 




MITER (SQUARE) ELBOW 

FIGURE 25. Five-piece elbow (top) offers less resist- 
ance to aii-f low than miter elbow (bottom) . 



minimum. Abrupt changes in pipe size also cause 
air-delivery losses and should be avoided when- 
ever possible. 

With a manifold system, a slide gate or damper 
should be provided in the pipe from each duct to 
control the airflow from each duct. 

A central duct system requires the least supply 
pipe. Usually only a short section is needed to 
connect the duetto the fan at either or both ends 
of the storage. 

A slide gate in the short supply pipe can serve 
two purposes. It can be used as a damper (or 
throttle) to keep from overloading the motor if 
the storage is only partially filled, and it can be 
closed during periods of no fan operation. This 
will prevent air at a higher temperature than 




MITER ELBOW 
WITH SPLITTER 



FIGURE 20. Splitter section in miter elbow reduces pres- 
sure loss. 



that of the cottonseed or high relative humidity 
from moving through it by convection. 

Estimating Static Pressures Created and 
Fan Horsepower Requirements 

Figures 27 and 28 provide information for es- 
timating the static pressures created and the fan 
horsepower required when aerating cottonseed 
at different rates of airflow (ft 3 /niin/ton) aiicl 
at depths of 10 to 80 ft. Static pressures were 
calculated from field observations and labora- 
tory studies. Horsepower requirements and air- 
flow rates were calculated using a cottonseed 
volume of 75 f tyton. 

Basic static pressures were increased to allow 
for pressure losses inside the ducts and the sup- 
ply pipes. In depths of cottonseed of 45 ft and 
greater, the basic static pressures were increased 
an additional 10 percent for allowances for 
packed fill. 

The cottonseed moisture content and the 
amount of linters on the seed may affect the 
total static pressures created and the horsepower 
requirements, Figures 27 and 28 provide only 
estimates of static pressure and fan horsepower. 
If cottonseed has excessive linters or is stored for 
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FIGURE 27.~Fim horsepower requirements for aerating cottonseed and static pressure developed at different rates 

of airflow, at cottonseed depths raiitfinfr from 10 to 40 ft. 
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long periods of time, the estimates may be low 
for both static, pressure and fan horsepower. 

The fan horsepower requirement is calculated 
as follows: 



100 tops of cottonseed as determined from figure 
27. If the fan has a mechanical efficiency of 52 
percent, the system would require the following' 
horsepower: 



Fan horsepower- 



ft :t /min X total static pres- 
sure, inlL.O 

6,35(5 X mechanical efficiency 



A mechanical efficiency of 60 percent was 
assumed in calculating the fan horsepower re- 
quired. Suppliers may furnish fans having dif- 
ferent efficiencies; if this is the case, the horse- 
power requirements given in figures 27 and 28 
should be adjusted accordingly. For example, 
assume that an aeration system requires 0.5 hp/ 



0.5 hp/100 tons X O.GO 
(mechanical efficiency) 
0.52 (mechanical efficiency 
of selected fan) 



0.58 hp/100 tons. 



In using- the charts for selecting a fan and 
motor, first consider these factors: 

1. The size and type of structure in which the 
system is to be installed. 

2. The maximum depth of cottonseed through 
which the air will be moved (in peak-loaded stor- 




COTTONSEED DEPTH -FEET 



FlfiURE 28. Fan horsepower requirements for aerating cottonseed and static pressure developed at different rutes 

of airflow, at cottonseed depths ranging from 45 to 80 ft. 
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ages the depth selected for design purposes may 
be somewhat less than the greatest deptli at the 
peak) . 

3. The airflow rate to be provided per cubic 
foot or per ton. 

4. The quantity of cottonseed to be served by 
each fan. 

5. Total volume of air needed (total volume 
of cottonseed times airflow rate in cubic feet per 
minute per unit volume) . 

The use of the charts to determine fan horse- 
power and motor requirements is illustrated by 
the following: examples: 

A. An aeration system is designed for a flat 
storage with cottonseed to a depth of 16 ft (ca- 
pacity 512 tons), using one fan; the cottonseed 
is to be aerated at 10 ft Lt /min/ton (use fig. 27) . 

1. Find 16 ft at bottom of the chart. 

2. Follow vertical line to the 10-ft 3 /niin/ton 
curve. 

3. From ftVniin curve follow horizontal line 
to left column of chart and read static 
pressure, 3. 9 inH,0 (approximate). 

4. Total air volume=512 tonsXlO ft'/min/ 
ton=r>,i2GftVmin. 

5. Repeat 1 and 2 above; then estimate where 
this point falls between the dash lines that 
indicate horsepower per 100 tons; in this 
case the point is on the dash line repre- 
senting 1.2 lip/100 tons. 

(i. Total horsepower required is 



512 tons 

Trio 



X 1.2 hp/100 tons fi.l4hp. 



Note: A 7.5-hp motor would be selected un- 
less the fan manufacturer can supply a more ef- 
ficient fan requiring less horsepower. If a less 
efficient fan is used, more horsepower would be 
required, in accordance with the fan mechanical 
efficiency. Horsepower is calculated as previ- 
ously shown. 

K. An aeration system is designed for a peak- 
loaded storage with a maximum depth of 30 ft 
(capacity 2,690 tons), using two fans. For this 
peak-loaded storage use a depth of 25 ft; cotton- 
seed is to be aerated at 10 ft 3 /min/ton (use fig 
27), 



1. Find 25 ft at the bottom of the chart. 

2. Follow vertical line to 10-ftymin/ton 
curve. 

3. From ftyrnin curve follow horizontal line 
to left column of chart and read static 

pressure, 10.5 inli,0 (approximate). 

4. Total air volume=2,690 tonsxlO ft a / 
min/ton=26,900 ft'/min. 

5. Repeat 1 and 2 above; then estimate where 
this point falls between the dash lines in- 
dicating horsepower per 100 tons; in this 
case approximately 3.0 lip/100 tons. 

6. Total horsepower required is 



2,690 tons 
100" 



X 3 hp/100 tons=80.7hp. 



Note; For two fans either two 40-hp or two 
50-hp motors would be selected, depending on the 
efficiency of the fans. Horsepower is calculated 
as previously shown. 

C. Same storage as above, but cottonseed to be 
aerated at 7.5 ft ;i /min/ton (use fig. 27) . 

1. Find 25 ft at bottom of the chart. 

2. Follow vertical line to 7.5-ft 3 /mm/ton 
curve. 

3. From ftyniin curve, follow horizontal line 
to left column of chart and read static 

pressure, 7.2 inl-LO (approximate) . 

4. Total air volume=2,690 tons X 7.5 ft 3 / 
min/ton=20,175 ftVmin. 

5. Repeat 1 and 2 above; then estimate where 
this point falls between dash lines indicat- 
ing' horsepower per 100 tons; in this case 
approximately 1.5 hp/100 tons. 

6. Total horsepower required is 



2,690_tons 

lob 



X 1.5 hp/100 tons=40.35 hp. 



Note: For two fans, two 20-hp or 25-hp mo- 
tors would be selected, depending on the effi- 
ciency of the fans. Horsepower is calculated as 

previously shown. 

D. An aeration system is designed for a peak- 
loaded and deep storage with a maximum depth 
of 95 to 100 ft (capacity approximately 18,000 
tons) , using two fans. For this peak-loaded deep 
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storage use a depth of 80 ft on the chart; cotton- 
seed is to be aerated at 2 ft ;; /min/ton (use fig. 
28). 

1. Find 80 ft at the bottom of the chart. 

2. Follow vertical line to 2-ft : '/min/ton 
curve. 

3. From ftymin curve follow horizontal line 
to left column of chart and read static 
pressure, 20 inH a O (approximate) . 

4. Total air volume=18,000 tonsX2 ft 8 / 
mm/ton=36,000 ft'/min. 

5. Repeat 1 and 2 above, then estimate where 
this point falls between the dash lines in- 
dicating horsepower per 100 tons; in this 
case approximately 1.3 hp/100 tons. 

6. Total horsepower required is 



18,000 tons 

100" 



X 1.3 hp/100 tons=234 lip. 



Note: For two fans, two 125-hp motors 
would be selected, unless the fan efficiency varies 
from the 60 percent assumed. Horsepower is 
calculated as previously shown. 

Electric Motors 

Electric motors for driving aeration fans are 
available in many sizes and types. The starting 
torque is low to medium for most fans. Most in- 
stallations are designed for constant-speed oper- 
ation. 

Motor selection will depend on the electric 
service available, insurance ratings, and power 
supplier regulations. Local codes and ordinances 
must be observed when installing 1 motors. A to- 
tally enclosed, fan-cooled motor usually is re- 
quired for aeration duty where complete weather 
protection is needed. It is advisable to select a 
motor at least one size larger than the fan re- 
quires. Motors may be connected to the fan shaft 
directly or by V-belt drive. 

Three-phase electric current will be available 
for most cottonseed aeration installations, since 
they will be located near ginning operations, 
Squirrel -cage induction motors are recommend- 
ed and are available in all sizes likely to be 
needed from one-eighth horsepower and up- 
wards, Standard voltages are 115, 230, and 460. 
FulUvoltage starting usually is used. However, 



some power suppliers may require low-voltage 
starting. A check with the supplier is necessary, 
especially for motor sizes above 30 hp. 

Single-phase induction motors are suitable for 
aeration fans, but are more expensive than 
three-phase motors. Many power companies lim- 
it the size of motors on single phase service to 
7.5 hp. 

Motor Controls 

Motor controls for aeration fans should be in- 
stalled in accordance with the National Electric 
Code and the requirements of local codes and au- 
thorities. The control equipment should include 
(1) means of disconnecting the motor from the 
power supply, (2) means of starting and stop- 
ping the motor, and (3) overload and low-voltage 
protection for the motor. 

A motor starting switch, either magnetic or 
manual, is necessary for motors of 1 hp and 
larger. These switches also should have built-in 
overload protection. Smaller motors should have 
built-in overload protection or have time-delay 
fuses or circuit breakers rated according to mo- 
tor amperage. Fuses or automatic circuit break- 
ers are necessary in motor circuits to protect 
against short circuits in the wiring. 

Automatic motor controls are used to limit 
aeration to periods when atmospheric conditions 
are favorable, and to reduce the time required 
for the operator to start and stop the fan motors. 
At present, automatic controls are not generally 
used for operating cottonseed aeration fans, 
However, total operating time can be reduced 
greatly when automatic controls are used, be- 
cause they prevent the reheating that takes place 
during continuous operation when air tempera- 
tures are higher than the cottonseed tempera- 
ture. They make fan operation possible during 
the night, on weekends, and on holidays when 
there may not be anyone on duty. Automatic con- 
trols also permit the maximum use of the most 
favorable weather conditions. With manual con- 
trols, good aeration weather is often not used to 
advantage. 

Standard heating and air-conditioning- ther- 
mostats and lumiidistats are generally used in 
the makeup of automatic motor controls. S rtWrt 
automatic controls are available commeiT 
Other instruments such as clocks, pilot 1 
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elapsed time meters, interval timers, and selector 
switches can be added to the system 1'or more 
precise control. 

A circuit diagram .for a control system employ- 
ing a high-limit thermostat, a low-limit thermo- 
stat, a luimidistat (all three connected in se- 
ries), and an elapsed time meter is shown in 
figure 29. The high-limit thermostat prevents 
fan operation when the air temperature is above 
the set point, and the low-limit thermostat pre- 
vents operation when the air temperature is be- 
low the set point. The humidstat prevents opera- 
tion when the relative humidity is above the set 
point. 

In oil-seed storages, the low-limit thermostat 
is not necessary where the lowest temperature 
obtainable is not objectionable. However, since 
planting seed is not generally cooled below 50" F, 



a low-limit thermostat is necessary whore it is 
stored. 

The control-panel enclosure should provide for 
free movement of the surrounding air and be 
located so that the controls and the fan inlets will 
be subjected to the same atmospheric conditions. 
A snauy location protected 1'rom dust and wind 
is best. 

Automatic controls should be inspected and 
serviced regularly to keep them in good working 
order. The sensing elements in humidistats are 
particularly sensitive to dust and air pollution, 
which can impair controller action. They must 
be kept clean as directed by the manufacturer. 
Under particularly dirty air conditions, these 
hairsensing elements may need to be replaced 
every year or two. 



GENERAL OPERATING CONDITIONS FOR AERATION SYSTEMS 



Although aeration is one method of maintain- 
ing the market quality of stored cottonseed by 
moving through it atmospheric air of acceptable 
temperature and relative humidity, the quality 



and moisture content of the cottonseed to be 
aerated are important. It is obvious that aeration 
cannot be expected to improve substantially cot- 
tonseed of low market quality. 
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ARRANGEMENT I. 
SUITABLE WHEN LINE VOLTAGE 
DOES NOT EXCEED 230 VOLTS 




LOW VOLTAGE - 
POWER SOURCE. 



M - ELAPSED TIME METER 

H - HUMIDISTAT 

Ti - HIGH LIMIT THERMOSTAT 

T 2 - LOW LIMIT THERMOSTAT 

R - RELAY 

S - SWITCH FOR MANUAL CONTROL 



ARRANGEMENT 2. 
RELAY SHOULD BE USED IF 
VOLTAGE EXCEEDS 230 OR 
MORE THAN ONE STARTER 
IS ACTUATED 




FIGUIIE 20 Wiring diagram to connect controllers in series with fan motor contractor. 
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Cottonseed Moisture Content 

Cottonseed is hygroscopic and therefore ab- 
sorbs moisture from or gives up moisture to the 
surrounding- air. When it does neither it is said 
to be at its equilibrium moisture content for the 
prevailing air temperature and relative humid- 
ity. Only limited information is available on 
equilibrium moisture content for cottonseed. 
However, the following tabulation gives some 
relative humidities and corresponding cotton- 
seed equilibrium moisture contents at 79 F, 



Equilibrium moisture 
content, percent 



Relative 

humidity 



& 


49 


9 


69 


10 


69 


11 


75 


12 


78 


13 


80 



Atmospheric Conditions 

Air temperature and relative humidity change 
frequently during the day. Proper setting of the 
temperature and humidity controls permits 
aeration under the most favorable atmospheric 
conditions, If automatic controls are not used, a 
knowledge of atmospheric conditions before and 
during aeration will be of benefit. 

Table 2, lists some maximum operating temper- 
atures for cooling cottonseed in specific months 
and areas. These settings, selected on the basis of 
past weather records, are suitable for either 
manual or automatic fan control. A high-limit 
thermostat set at one of these temperatures will 
prevent the fans from running above these set- 
ting's. However, good results have been obtained 
where manual control was used and fans were 
operated only when the air was at these or lower 
temperatures. When cottonseed is cooled to these 
temperatures or slightly below, the fans can be 
stopped until cooler air is available. 

Continuous aeration of cottonseed with air at 
relative humidities higher than those given in 
table 2 can result in an increase in cottonseed 
moisture content. It is advisable to aerate cotton- 
seed with air having average humidities approxi- 
mating those in the tabulation. However, aera- 
tion for extended periods with air at. a relative 



TABLE 2. Siif/gested maximum monthly operat- 
ing air temperatures for cooling cottonseed 
in the Mississippi Delta and Southeast 



Degrees F 1 



M on til 



Mississippi 
Delta 



August ... 

September 85 

October 70 

November 55 

December 50 

January -45 

February S 4B 



Southeast 

85 
85 
70 
GO 
45 
45 
50 



1 Allows approximately G hours of operation each day 
at relative humidities below SO percent. 

- For fan operation above 35 F for planting seed, 
expected daily operation lor January is 2,5 hours, and 

for February. '1.5 hours. 



humidity of 80 percent has been satisfactory 
where the air temperature is at least 10 F lower 
than the cottonseed temperature. Cottonseed 
aerated under these conditions should be checked 
frequently for any increase in moisture content. 
Normally, air humidities range from 100 percent 
at night and in the early morning to well below 
60 percent on clear days. Fan operation is satis- 
factory when the average daily humidities do not 
exceed these limits. However, if cottonseed is at 
95 to 100 F or higher and has some excess mois- 
ture when placed in storage, it may be advisable 
to run the fans even if the humidity is over 80 
percent. Some cooling will be accomplished. The 
aeration airflow rates usually used are so low 
that any moisture increase in the cottonseed will 
be small. The fans may be stopped manually dur- 
ing periods of rain and fog. Also, a humidiatat 
may be used to stop fan operation automatically 
during such high-humidity periods as vain or 
fog. 

Satisfactory Cottonseed Temperatures 

Field studies and experience indicate that 
temperatures below 60 F are beneficial to stored 
cottonseed. Temperatures of 35 to 45 F have 
proven satisfactory. The rate of removal of c^ 
tonseed from storage is usually slow enough t T 
there is no danger of moisture condeuspH 
curving even on seed with these low t 
tures. It is advisable that planting cotton 
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be cooled below 50 F to protect seed viability. 
Temperature equalization is important, and es- 
pecially KO in planting seed. 

Cooling Zone 

During- aeration, a cooling zone is established 
and moves through the cottonseed in the direc- 
tion of the airflow. All of the cottonseed behind 
the cooling zone will be at or near the entering 
air temperature. Ahead of the cooling zone, the 
cottonseed will be near its initial temperature. 
The depth and shape of the zone will depend on 
airflow rate and distribution. The lower the rate, 
the narrower the cooling zone. During the cool- 
ing process several zones may be moving through 
the seed at the same time. 

Figure 30 represents cooling zones or equal- 
temperature lines that occurred in a peak-loaded 
storage with cottonseed depths to 80 ft, with an 
airflow rate of about 2 ft'/min/ton. The effects 
of peak loading with warm cottonseed from the 
top of the storage is evident in figure 30/1 after 
520 hours of fan operation by November 21, 
1968. Continued aeration until December 5, 



1968, a total of 800 hours of fan operation re- 
sulted in the conditions shown in fi^uri!)!!!//. Fig- 
ure 30, C and D, represents the location of cool- 
ing zones on December 20, 1908, and January 
21, 19(19, after 1,032 and 1,170 hours of fan 
operation, respectively. 

As the cottonseed cools by stages, the airflow 
rate must be adequate to move a cooling zone 
through all the cottonseed in sufficient lime to 
prevent deterioration. This is an important; fac- 
tor to consider in establishing time limits for 
completing a cooling stage. Reasonable power re- 
quirements and favorable weather conditions 
are factors to consider in selecting airflow rates, 

Time Required for Cooling 

The time required for cooling cottonseed or 
for the moving of a. cooling zone through cotton- 
seed is not well established. However, a general 
guide, obtained from field studies, indicates that 
an airflow rate of 5 ft ;i /min/ton will require 
about 110 hours to move a cooling zone through 
cottonseed during late fall with fan operation 
limited to temperatures below 55" F (table 2) . 




horns; (D) 1,170 hours, from Nov. 21, 1968, to Jan. 21, 1069. 
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The time required for cooling with airflow 
rates other than 5 ft : '/min/ton is inversely pro- 
portional to the airflow rate used. That is, if the 
airflow rate is increased to 10 ft : '/min, the esti- 
mated hours of fan operation are approximately 
one-half those for 5 ft ;! /min. 

Aeration to remove ginning' heat usually is 
started as soon as the first lots are in storage. As 
aeration and loading continue, many cooling- 
zones are formed and move through the cotton- 
seed at the same time. Although there are times 
when very little cooling occurs, experience has 
shown that seed quality can be maintained be- 
cause aeration removes the heat and moisture of 
seed respiration. The total fan running time 
necessary may be greater than when operating 
the fans intermittently based on favorable 
weather conditions. 

Use of Temperature-Detecting Devices 

Many storage operators closely check tempera- 
ture changes in their stored cottonseed. The rate 
of filling 1 the storage, the time of harvest season, 
and weather conditions and seed moisture dur- 
ing harvest will determine the frequency with 
which temperature observations are made. The 
quality of the seed and the ease with which the 
temperature measuring equipment can be used 
may also Influence the frequency of observations. 

The most common temperature-indicating de- 
vice is the mercury thermometer. Many storage 
operators use the thermometer for finding cot- 
tonseed temperatures by attaching it to the end 
of a pipe and probing it into the seed at selected 
locations and depths. After a given time, it is 
removed and read quickly. This method gives a 
fair indication of the cottonseed temperature, 
but considerable error is possible. 

Another method of using the mercury ther- 
mometer is to tie several thermometers to a line 
or strong cord at selected intervals. The line and 
thermometers are then lowered into an upright 
pipe or conduit previously probed into the cotton- 
seed. This method, with the thermometers al- 
ways suspended at the same depth and location, 
provides a more accurate temperature indication 
than the first method described, if thermometers 
are read quicldy. Both methods are limited in the 
depth at which temperatures can be obtained. 

Other temperature-measuring devices are bi- 
metallic and recording thermometers, thermis- 



tors, and electrical resistance elements, but they 
have limited application in cottonseed storages, 

Thermocouples are widely used for indicating 
temperatures in devices ranging from modestly 
priced portable systems to most advanced remote 
automatic recording- systems. A thermocouple 
consists of two insulated wires of dissimilar met- 
al wound on a steel cable and encased in an abra- 
sion-resistant covering-. These cables may be sus- 
pended permanently from the bin roof and con- 
nected to n centrally located measuring instru- 
ment (potentiometer) where the temperature 
can be observed. 

In shallow storages the cables may be sus- 
pended from the bin roof or crossmembers of 
the structure, or they may be probed into the 
cottonseed after the bin is filled. If they are left 
in place and observed regularly, they provide 
for a continuous record of storage temperature 
conditions. 

For oilseed storages, a satisfactory spacing- of 
the thermocouple cables is from 20 to 24 ft hori- 
zontally. Spacing of the thermocouples in the 
cables may range from 5 to 8 ft. To obtain more 
complete records in planting-seed storages, the 
cable spacing should be reduced and thermo- 
couples within the cables may be at 3- or 4-ft 
intervals. 

Detection of trouble spots between the thermo- 
couple cables depends upon additional periodic 
inspections with thermocouple cables probed into 
suspected areas. High cottonseed temperatures 
warn of excessive moisture or exceptionally low 
aeration airflow. Temperatures must be taken 
regularly and the results recorded for future ref- 
erence. When any abnormally high temperature 
is found, records should be made daily until the 
condition has been corrected. Temperatures 
should be recorded at least once a week during 
regular aeration until all the seed has reached 
the desired temperature. Once the seed has been 
cooled, the time between readings can be ex- 
tended. However, temperature observations 
should be continued with some degree of regular- 
ity. 

Cottonseed exerts considerable friction on 
thermocouple cables. Therefore, cables s ilc - 
pended from the roof may create a large f 
on the roof or other members of the strm 
Before suspending thermocouple cables fro 
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i-uol' or crossmembers, it is advisable to check 
with the building designer regarding the 
strength of a structure. 

Cost of Aeration Systems and Savings 
Possible Through Their Use 

Cost figures for installation of a completely 
new aeration system in a new storage are not 
readily available. However, a fair estimate can 
be arrived at by obtaining cost figures for the 
following aeration system components: 

1 . Aeration duct and supply pipes. 

2. Fan(s) andmotor(s). 

3. Electric wiring and motor starter (s) . 
'I. Automatic controls. 

A complete aeration system with manual con- 
trols was installed in a cottonseed storage built 
in 1968, with a capacity of 1,820 tons, at a cost of 
approximately $15,400, or approximately $8.45 
per ton. The cost of this system, which was de- 
signed to aerate cottonseed 16 ft deep at a rate 
of 30 ftVmin/ton, is somewhat higher than most 
recommended systems. If the system had been 
designed for a rate of 10 ftVmin/ton, the cost 
probably would have been at least one-third less. 

The cost of electricity for operating the system 
will depend on local rates for electric power and 
on hours of fan operation. If aeration is started 
soon after filling; of the storage starts, many 
hours of fan operation can accumulate. Frequent 
observations of cottonseed temperatures and the 
selection of the most favorable weather condi- 



tions for aeration can result in appreciable pow- 
er savings. During the 19b'G-(i7 storage sejvson 
over 1,300 hours less fan operation was used than 
the previous year to cool a 14,000-ton cottonseed 
storage. Automatic controls were not used. How- 
ever, discretion was used in the selection of good 
aeration weather conditions. Two 75-hp motors 
are used with this system. Based on power costs 
of 20 per kilowatt-hour, $2,000 can be saved in 
one season. 

Additional saving's are realised with improve- 
ments to existing systems. In one storage of 2,400 
tons, a 75-hp motor was required to drive the 
aeration fan, which provided air to only 10 per- 
cent of the storage at a time. Improvements 
made to the system included installation of two 
fans,' each powered by a 7.5-hp motor. The im- 
proved system was more effective and permitted 
the whole storage to be aerated at one time. 

Improvements made to the aeration system in 
a storage 40 by 80 by 14 ft with a capacity of 
approximately 550 tons reduced the power re- 
quirements from a 40- to a 5-hp motor. The im- 
proved system (fig. 9) also provided for a 50- 
percent increase in total air volume over the old 
system. The improved system results in better 
air distribution, more rapid cooling', and less fan 
operating time required all these conditions 
contribute to lower operating costs, 

In the appendix, following-, are tabulations of 
equipment, data, and examples showing hoiv to 
design aeration systems for several storages of 
typical styles and capacities. 
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APPENDIX 

Examples beginning on page 32 show how to design aeration 
systems for storages of different architecture and loading practices. 
Design information used in the examples is given in tables 3-fi, follow- 
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The examples are based on dimensions typical of the various 
styles and employ the data and methods presented in this publication. 



TABLE 8. Surface area of half-round ducting 



Diameter, Surface area, 
in ftVlin ft 


Diameter, 
in 


Surface area, 
ft 3 /] in ft 






15 
10 
20 
22 
24 
25% 
26 
28 
30 
32 


1.963 
2.487 
2.618 
2.880 
3.142 
3.338 
3.403 
3.0Q6 
3.927 
4.189 


34 
36 
38 
40 
42 
44 
4(5 
48 
50 
52 


4.461 
4.712 
4.974 
5.236 
5. GOO 
5.7CO 
S.021 
6,283 
0,546 
0.807 


ILE A. Supply-pipe sizes and air-carrying capacities in cubic feet per minute at specified velocities 


ipo Section 


Air-carrying 1 capacity at 


Pipe Section 


Air-carrying capacity at 


icter, area, 

w* J* J.H 


1,500 


2,000 


2,500 


diameter, 


area, 


1,500 


2,000 


2,500 


n it- 


ft/min 


ft/min 


ft/min 


in 


ft= 


ft/min 


ft/min 


ft/rain 


0,13(5 


20-1 


272 


340 


23 


2.885 


4,328 


6,770 


7,213 


.190 


294 


892 


490 


24 


3.142 


4,713 


0,28d 


7.86C 


.2(17 


'101 


634 


668 


26 


9.409 


5,114 


6,818 


8,623 


.340 


684 


G98 


873 


20 


3.687 


5,613 


7,374 


0,217 


.442 


063 


884 


1,105 


27 


3.970 


5,064 


7,1)62 


0,940 


.645 


818 


1,090 


1,363 


28 


4.276 


0,4.14 


8,fiJ52 


10,090 


.000 


990 


1,320 


1,650 


29 


'1,587 


0,881 


0,17-1 


11,488 


.785 


1,178 


1,070 


1,963 


30 


4, 90S 


7,364 


9,818 


12,273 


.022 


1,888 


1,844 


2,305 


31 


5.241 


7,862 


10,482 


13,103 


1,009 


1,004 


2,138 


2,673 


32 


5.685 


8,378 


11,170 


13,903 


1,227 


1,841 


2,464 


3,068 


33 


5.940 


8,910 


11,880 


14,850 


1.39(5 


2,094 


2,792 


3,490 


34 


0.306 


9,458 


12,010 


15,703 


1.67(5 


2,304 


3,162 


3,940 


35 


6.(i81 


10,022 


18,302 


10,703 


1.7G7 


2,051 


3,534 


4,418 


36 


7.069 


10,004 


14,138 


17,673 


1.000 


2,954 


3,938 


4,923 


37 


7.467 


11,201 


14,084 


18,6(58 


2,182 


8,273 


4,3(34 


5,465 


38 


7. 8 70 


11,814 


16,752 


10,600 


2.405 


3,008 


4,810 


fi,013 


39 


8.29G 


12,444 


1(1,592 


20,740 


2.840 


3,000 


5,280 


6,600 


40 


8.727 


13,091 


17,454 


21,818 
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TABLE 5.-^Circitmferencefi and cross-sectional areas of round pipes, by inches of diameter f,. 

1 to 50 



Diameter, 


Circumference 


Area 


Diameter 


in 


in 


ft 


in- 


ft- 


in 


1 


3.14 


0.262 


0,78 


0.005 


26 





G.28 


.524 


3.14 


,022 


27 


o 


0.42 


.785 


7.07 


.04!) 


28 


-1 


12.57 


1,047 


12.57 


.087 


29 


n 


15.71 


1,309 


10.03 


.136 


30 





18.85 


1.571 


28.27 


.190 


31 


7 


21.99 


1,833 


38.48 


.267 


32 


8 


25.13 


2.094 


50.27 


.349 


33 


9 


28.27 


2.356 


63.62 


.442 


34 


10 


31.42 


2,618 


78.54 


.545 


35 


11 


,'34. 50 


2.880 


95.03 


.060 


30 


12 


37.70 


3.142 


113.10 


.785 


37 


13 


40.84 


3,403 


132.73 


.922 


38 


14 


43.98 


3.665 


153.94 


1.069 


39 


15 


47,12 


3.927 


17G.71 


1.227 


40 



16 
17 
18 
19 
20 

21 
22 
23 
24 
25 



50.26 
53.41 
56.55 
59.69 
62.8,1 

65.97 
69.11 
72.26 
75.40 
78.54 



4.1S9 
4.451 

4.712 
4.974 
5.236 

5.408 

5.760 
6,021 
fi.283 
6.545 



201.06 

226.98 
254.47 
283.53 
314.16 

346.36 
380.13 
415.48 
452.39 
490.87 



1.896 
1.576 
1.767 
1.969 
2.182 

2.405 
2.640 

2.885 
3.142 
3.409 



41 
42 
43 
44 
45 

4fl 
47 

48 
49 
50 



Circumference 
~iii ft" 



81.7 
84.8 
88.0 
91.1 
94.2 

97.4 
100.5 
103.7 
100.9 
110.0 

113.1 
116.2 
119.4 
122.5 
125.7 

128.8 
131.0 
135.1 
138.2 
141.4 

144.5 

147.7 
150.8 
153.9 

157.1 



6.81 
7.07 
7.33 
7.59 
7.85 

8.12 
8.38 
8.64 
8.90 
9.16 

9.42 

0.60 

9.95 

10.21 

10.47 

10.73 
10.99 
11.26 

11.52 
11.78 

12.04 
12.30 
12.57 
12.83 
13.09 



530.9 
572.6 
C15.7 
G60.5 
70G.9 

754.8 
804.2 
855.3 
907.9 
962.1 

1,017.9 
1,075.2 
1,134,1 
1,194.6 
1,256.6 

1,320.3 
1,385.4 
1,452.2 
1,520.5 
1,590.4 

1,661.9 
1,734.9 
1,809.6 
1,885.7 
1,963,5 



10.," r. 
11.01 

11.51 
12.1 1" 
12,r,7 

i:uo 
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^E (5. Air volume, 



cubic feet per minute, through supply pipe., of various sizes (t t various 
frict ' ion losscs f 8t(tHc W8UM in conventirmal inches of water 



PC 


Velocity, feet per mi mite 


cter, 2,000 


2 


,'100 


2,800 


3,200" " " J! 


1,600 


4 


,066"" 


i ft r Vniin inli,0 


ftVmin 


inl-LO 


ftVmin 


in 1 1,0 


ftVmin 


inH,0 


ft/ '/min 


inH,O ftVmiii 


"Hiiro" 


4 
5 


175 
275 


1.95 
1.56 


210 
325 


2.75 
2.20 


245 
380 


3.7B 
3.00 


280 
435 


4.95 
3.% 


315 
dtiO 


C.25 
5.00 


350 
545 


7.70 
6 15 


Ij 


395 


1,30 


470 


1.85 


550 


2.50 


630 


3.30 


705 


4.15 


785 


15 


V 


635 


1.10 


640 


1.60 


750 


2,15 


85G 


2.80 


960 


S.5G 


1,070 


4.40 


h 


700 


.95 


840 


1.40 


975 


1.90 


1,120 


2.45 


1,260 


3.10 


1,395 


3,85 





1,090 


,75 


1,310 


1.00 


1,530 


1.50 


1,750 


1.95 


1,965 


2.60 


2,185 


3 10 


si 


1,570 


.65 


1,885 


.90 


2,200 


1.25 


2,510 


1.05 


2,826 


2.10 


3,140 


2.56 


4 


2,140 


,65 


2,5G5 


.80 


2,990 


1.05 


3,420 


1.40 


3,840 


1,80 


4,280 


2.20 


fi 


2,790 


.48 


8,350 


.70 


3,910 


.95 


4,470 


1.25 


5,025 


1.G6 


5,580 


1 90 


* 


3,540 


.42 


4,240 


.60 


4,950 


.85 


6,660 


1.10 


6,370 


1.40 


7,080 


1.70 





4,370 


,38 


5,230 


.55 


6,110 


.75 


6,980 


1.00 


7,800 


1.25 


8,740 


1.5u 


^ 


5,280 


.35 


6,330 


.50 


7,390 


.70 


8,450 


,90 


0,500 


1.15 


10,5fiO 


l.'IO 


4 


<i,2SO 


.32 


7,550 


.46 


8,800 


,62 


10,060 


.80 


11,320 


1.06 


L2.5GO 


1,30 


11 


0,820 


.25 


11,800 


.36 


13,760 


.50 


15,710 


.Ofi 


17,700 


.85 


10,640 


1.05 


.(,400 


4,800 




5,200 




5,600 




0,000 




7 h OOO 




ft-Vmin 


in 11,0 


.ftVmiii 


inl-LO 


ft-Vmin 


inll,,0 


ftVmin 


inl-LO 


ftVniin 


inH,0 


ft- 1 / mill 


inH,0 


4 


385 


fl.25 


420 


11.05 


455 


13.00 


490 


15.25 


625 


17.30 


610 


23.60 


i> 


600 


7.40 


655 


8.85 


710 


10.50 


765 


12.05 


820 


13.85 


Ofili 


18.90 


li 


865 


6.20 


945 


7.40 


1,020 


8.G5 


1,100 


10.05 


1,175 


11.50 


1,37B 


15,65 


f 


1,175 


5.30 


1,285 


6.30 


1,390 


7.45 


1,495 


8.GO 


1,605 


9.90 


1 ,875 


13.50 


tt 


1,535 


4.65 


1,675 


5.55 


1,820 


6.50 


1,065 


7.55 


2,095 


8,65 


2,446 


11.80 


> 


2,400 


3.70 


2,620 


4.45 


2,840 


5.20 


3,060 


fi.05 


3,275 


6.90 


3,820 


9.40 


i 


H.J66 


3.10 


3,770 


3.70 


4,080 


4.35 


4,400 


5.05 


-1,710 


5.75 


5,500 


7.80 


l 


4,700 


2.65 


5,130 


3.15 


5,560 


3.70 


5,980 


4.30 


6,420 


4.95 


7,470 


0.7B 


* 


(5,140 


2.35 


6,700 


2.75 


7,260 


3,25 


7,820 


3.80 


8,300 


i.36 


9,770 


5.90 


l 


7,780 


2.05 


8,480 


2.45 


9,200 


2.90 


9,900 


3.35 


10,620 


3.85 


12,380 


5.25 


i 


[1,020 


1.85 


1 0,460 


2.20 


11,360 


2.60 


12,220 


3.00 


13,100 


3,45 


15,300 


4.70 


i 


11,520 


1.70 


12,660 


2.00 


13,740 


2.35 


14,780 


2.75 


15,820 


3.15 


18,480 


4.25 


i 


IS, 840 


1.55 


15,100 


1.85 


16,360 


2,15 


17,600 


2.50 


18,860 


2.90 


22,000 


S.95 


i 


21, (520 


1.25 


23,600 


1.50 


25,560 


1.75 


27,520 


2,00 


29,440 


2.30 


.'14,400 


3.15 
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Example 1. Flat Storage 

Desif/n steps Example 

I. Establish storage specifications: 

A. Dimensions ............................ 60 ft wide, 140 ft long, l(i ft deep. 

B. Type of loading ........................ Flat, 16 ft deep. 

C. Storage capacity: 

1. Floor area ........................ 60ftXl40ft=8,400ft-. 

2 - Volume ........................... 8,400 ft-<XlGft=134,400 ft". 

3. Capacity .......................... 134,400 ft : '~80 ft :i /ton=l,C8(> tons. 

H. Select type of system and airflow rate: 

A. Type of system ........................ Fixed fan for each half-width of storage, 

B. Design airflow rate .................... 10 ft : '/min/ton. 

III. Determine duct requirements: 

A. Total air volume ....................... 1,680 tonsx 10 ftVmiu/ton==lfi,800 IV/min. 

b. Total duct surface area (duct surface air 

velocity, 10 ft/mm) .................... 16|800 ftVmin ^_ 10 ft/min^l,680 ft". 

C Number of ducts (try 16) .............. i (680 f ^16=105 ftVduct. 

D. Air volume per duct .................... 16f800 ftymin-16 ducta-1,060 f tVduct/mhi. 

K Length of ducts ........................ Try 22 ft 

C Dm'f^ Vf"ii"-i; ..................... 105 ftVduct-22 ft/duct=4.77 ftMin ft. 

G Duct ype (table 1) .................... Half-round, perforated. 

W. Calculate cross-sectional area .......... 1,050 ftVmin-1,500 ft/min-0 70 f ^ 

Air volume, ft 3 /min 

air velocity, ft/min 

^-to S / 16 , T h r KU, Ie , 

1- or 18-gage sheet metal. 
IV. Layout of ducts ............................ Figure 31. 

V. Determine supply pipe requirements (cross- 
sectional area based on air velocity of 1,500 
ft/min consult table 4): 

B ^^f^J? manifold ............. I 2 , inch dlametel , 

B. Manifold, E sect on ..... IR ; i r 

C. Manifold, F section ....... ............ ^ ' r ""^ 

................ ^o-mcli diameter. 

VI. Determine fan and motor requirements: 

A. Air volume per fan ......... i fl ann *M / 

. Tons per fan ... ............. 16,800 ftVm ln ^ 2 fan.s=S,400 f t-Vmin /fan. 

. Static pressure fi 2' ' ''' '''''' '' *" 2 fante840 toila / fo - 



C. Static pressure (fig. 27) ..,.. .. 

D. Estimate power requirement (obtain hp/ 

100 tons from fig. 27) .. 10, / 

E. Select motor (check with fan manufad 1>2hp/pflrl00tonB X8.410.oahp/fa n . 
turer for efficiency and power require- 

ments) ........ TT - rt 

...................... Use 10- or 15-hp motor. 
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Example 2.Cottonseed Aeration System for Flat Storage With Partitions 
Design steps ttxamplc 

I. Establish storage specifications: 

A. Dimensions ............................ 40ft wide, 80 ft long, Ui-J't-high wall. 

B. Type of loading- ........................ Flat, 14 ft deep. 

C. Storage capacity: 

1. Floor area ........................ 2 bins, each 30x40 ft=l,2()0 ft,-. 

1 bin, 20X40 ft=800 ft- 1 . 
2 - Volume ........................... 2 bins, 1,200 ft ;i X U ft-4<>,800 ft 3 . 

1 bin, 800 ft=XM ft 1.1,200 ft". 
3. Capacity .......................... 2 bins, eacli 16,800 ft a -;-80 ftyton^l () tons 

1 bin, 11,200 f t"-f-80 ftyton^MO tons. 

Total capacity, 560 tons. 

II. Select type of system and airflow rate: 

A. Type of system ........................ 1 fixed fan _ 

B. Design airflow rate .................... 10 ftVmin/ton. 

III. Determine duct requirements: 

A. Air volume per bin .................... 2 bins, each 210 tonsx 10 :ftVmin/t,,n=2 100 

ft-'/min. 

1 bin, 140 tonsx 10 ftymin/ton^l/lOO ftV 
min. 

R n , 1( , f . Total, 5,600 ftVmin. 

K. -Uuct surface area requirements (duct 

surface air velocity, 10 ft/min) ........ 2 binSi each 2>100 tv/w(n ^ f t/mln _ 910 f(;! 

C. Number of ducts reared (try 2 ducts per ' bi "' W K " /m ^ W f t/min^l-iO f P. 

] " .................................. 2 Wns, 210 ft 2 -i-2=10B ft-'/duct 

D. Length and size of each duct- " ^ 14 f t ^ 2=!=70 ^/duct. 
1. For 2 bins, 30X40 ft .............. Try 26,ft length. 

2- Duct size (for surface area, see table ^ ft ^ 6 *^ M Wlln f L 

Half-round, perforated, corniffatod stool, 80- 



3. Cross-sectional area ....... n iT*? 1 ^ 20 ft Ionft 

air volume, ftVmin ...... ' ft /m ^l.BOO ft/min-0.70 f t=. 

air velocity, ft/min 
4- For 1 bin, 20X40 ft ................ Try 22-ft length 

B. Ductste (for surface area, see table ? * - 22ft ^ 

................................. Half-round, perforated, corrugated steol, 24- 

. Cross-sectional area . . . 700 ^T^ X ^ ft lonffl 

VOOftVmm-l^OO ft/min^0.47ft^. 




* Aeration duct opening 
. Strength of duct ..... ................. J/32- to 8/1 0-inch diameter round holes. 



oo 

I )('>} f/ H Ntttpft 

IV. Uiyout of duels ............................ 

V. .Dolormino supply pi n <> requirement.* (cros.s- 
seclional area based on air velocity of '1,500 
fl/niin- consult labUM): 

A. To connect, duels to manifold ......... 1/ir.rnhi,, \ ;, r 

II. Manifold, I) sedion ........ ^bn -.12-mchdiiunotor. 

('. Manifold, Motion ..... ........... ^ummoor. 

n n,i .,.,!( MM , .................... -l--inch diameter. 

li. ivlanilo i , section .... ic ; i r 

1 .................... I (nach diameter. 

VI. DoLonnini' fan and motor 



A. Total air volumn ................ '. ..... fil flW)ftVmin. 

II. total Ions 



C. Hhilic iJ t ............... 

I). Kslimalopuwi'i'miLiimnonts (obtain lip/ 

MiO ions from riff. U7) .................. ,,.95 hp/per 1.00 ton 8 XB.60=B 3 hp 

I'-, Select motor (check with fan manufitc, ' 

lure) 1 for efficiency and power roquiro- 

monlH) ................................ UHO 7.5-hp motor. 

VII. Determine opening for air mdrance into stor- 

aj|f: 

A. Provide opening with cross-sectional arcia 
l\\'ico (hat of supply pipi> (equivalent of 
l\\'o l(i-inch diameler supply pipes, tablo 

f? ;. ................................... 1 i.JW)fift a X2=--2.7fl2ft=. 

i'. i.oiuiiuioiiK opeaiiiM' and protection from 

VV( ' I||I|(M ' ............................... Ohockbol'orG and during aeration. 

VIII, Soled controls: 

A. MniyiKitic motorslarter ................. 7.fi-lip, lino voltage. 

'"' M!imml swit( ' lltls ....................... a-polo, lino voltnffo, fused or circuit breaker 

disconnect. 
< , Aulomalic fnntrol system ............... Temperature and humidity controllers and 

elapsed time recorder. 

Kxnmple fl.-Collonsced Acrntion System for Partially Peak-Loaded Storage 
l>ctti(/n t)t VIM Kxample 

I- l'ItablisliHtoraK(!S])ecirications; 

A. Dimonsions ............................ 2 storages, each 40 ft wide and 90 ft long, 

Quonset, 
';; T - v l><! nl' loariinp; ........................ Semi-half-round, maximum depth, 14 ft. 

('. S'lorau'o capacity: 

I . Floor area ........................ 40x90 fcS.GOO ft". 

" Volume ..... ...................... 3,(K)0 ft^xM ft=50,400 ft a minus approxi- 

mately 400 ft :i for rounded sides. 
;1 - C-apacity .......................... 2 storages, each 50,400 ftH-80 ftyton=625 

tons. 

Total, fi2BtonsX2=l,2!50 tons. 
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Design steps Example 

II. Select type of system and airflow rate: 

A. Type of system 1 fixed fan and motor for both storages (fig 

32). 

B. Design airflow rate 15 ft ;i /min/ton. 

III. Determine duct requirements: 

A. Air volume per storage 625 tonsX 15 f tYmin/ton=9,875 f t : '/min. 

B. Total duct surface area per storage (duct 

surface air velocity, 15 ft/min) 9,375 ftymin~r-15 ft/min^625 ft". 

C. Number of ducts (try 5) 625 ft-^-5 ducts=12fi f t'-'/duct. 

D. Air volume per duct 9,375 ft :i /min5 ducts=l,875 ftVmin/duct. 

E. Length of ducts Try 26 ft. 

F. Duct size 125 ftM-26 ft=4.81 ft'/lin ft. 

G. Duct type (for surf ace area, see table 3) . . Half-round, perforated, corrugated steel, 36- 

inch diameter, 26 ft long, plus perforated end 
plate. 

H. Calculate cross-sectional area 1,875 ftVmin1,500 ft/min 1.25 ft 2 . 

air volume, ftVmin 
air velocity, ft/min 

I. Aeration duct openings 3/32- to 3/lfi-inch round holes. 

J. Strength of duct 20 gage. 

IV. Layout of ducts Figure 32. 

V. Determine supply pipe requirements (cross- 
sectional area based on air velocity of 1,500 
ft/min consult table 4) : 

A. To connect duct to manifold IG-inch diameter 

B. Manifold, B section 22-inch diameter.' 

C. Manifold, C section 34 _ inch diametei , 

VI. Determine fan and motor requirements: 

A. Total air volume 18)7BO f t y min> 

* Total tons 1,250 tons. 

C. Static pressure (fig. 27) 4.90 i n H.,o. 

D. Estimate power requirements (obtain hp/ 

E ^, nSf r m ff ^ ;; 2.0hp/pei-100tonsXl2.B=3Bhp. 

K Select motor (check with fan manufac- 

turer for efficiency and power require- 

VTT ntS) Use 25-hp motor. 

\ u. Determine opening for air entrance into each 
storage: 

A. Provide opening with cross-sectional area 
twice that of supply pipes (equivalent of a 

34-inch diameter supply pipe, table 5) ... 6.30 ftX2=12 60 ft' 

B. Continuous opening and protection from 
weather ni , . , 

VIII. Select controls: C Ve and durinff ae on. 

A. Magnetic motor starter on; ^ ,,.,, ,, 

B. Manual switch f ' ' f " h t Pl h " fl V ltag;e - 

t p ' hne vo]i ^ Q > fused or circuit breaker 

disconnect. 
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-A 
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-A 
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PLAN VIEW 



.7'- 0" 



26-O" 



A O 1 - 0" 



7-0" 



16" DIA. PIPE 
22" DIA. PIPE 
34" DIA. PIPE 

36" DIA. HR PERFORATED CORRUGATED 
AERATION DUCT OR EQUIVALENT 



SCALE IW FEET 
O__. 5 10 15 

(E> TRANSITION FROM 36" HR TO 16" DIA. PIPE 

TRANSITION FOR DIFFERENT PIPE DIAMETERS 

TO FIT FAN 

SLIDE GATE 



FIGURE 32.- Layout of aeration system for flat storage using: one manifold and one fan. 

Example 4. Cottonseed Aeration System for Flat Storage, Peak-Loaded 
Design steps Example 

I. Establish storage specifications: 

A. Dimensions 60 ft wide, 160 ft long, 12-ft-high wall. 

B. Type of loading Peak loading, 30 ft at peak. 

Full, 12fUtsidewalls (fig. 33) . 

C. Storage capacity: 

1. Floor area 60 ftx 160 ft^9,600 ft 2 . 

2. Volume 9,600 ft-x!2 ft+ ^-- 201,600 

8. Capacity 201,600 ft a n-75 ft 3 /ton= 2,690 tons. 
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Design steps Example 

II. Select type of system and airflow rate: 

A. Type of system 2 or 4 fixed fans (fig. 33) . 

B. Design airflow rate 10 ft'Vmin/ton. 

III. Determine duct requirements: 

A. Total air volume 2, 690 tons X 10 :ft ;i /min/ton 26,900 ft ;i /min. 

B. Total duct surface area (duct surface air 

velocity, 15 ft/min) 26,900 ft :i /min-f-ir> ft/min-=l,7i)3 fir. 

C. Number of ducts (try 1.6 each side, 32 to- 
tal) 1,793 ftM-32 ducts=5(U) ft'/duct. 

D. Air volume per duct 26,900 ft :i /min~32 ducts 841 ft :i /min/duct. 

E. Length of ducts Try 16 ft. 

F. Duct size 56 ft^l.6 ft=3.50 ftyiin ft. 

G. Ducttype (forsurfacearea, seetableS) . . Half-round, perforated, corrugated steel, 28- 

inch diameterX 16 ft long. 

H. Tunnel sealed against air movement Figure 18. 

T. Calculate cross-sectional area 841 ftYmm-=-l,500 ft/min^O.56 ft-'. 

air volume, ftVmin 

air velocity, ft/min 

J. Aeration duct openings 3/32- to 3/16-inch round holes. 

K. Duct material 16- to 18-gage sheet metal. 

TV. Layout of ducts Figure 33. 

V. Determine supply pipe requirements (cross- 
sectional area based on air velocity of 1,500 
ft/min consult table 4) ; 

A. To connect duct to manifold 12-inch diameter. 

B. Manifold, B section (2-fan system) 15-inch diameter. 

C. Manifold, D section (2-fan system) 23-inch diameter! 

D. Manifold, E section (2-fan system) 29-inch diameter! 

E. Manifold, C section (4-fan system) 21-inch diameter! 

VI. Determine fan and motor requirements: 

A. Air volume per fan (2-fan system) 26,900 f tymm-^2=13,450 f tVmin 

B. Tons per fan (2-fan system) 2,690 tons-4~2=l,345 tons 

C. Air volume per fan (4-fan system) 26,900 ft :! /min--4= : 6 I 725 f tVmin 

D. Tons per fan (4-fan system) 2,690 tons-4^673 tons. 

b. Static pressure (use 25-ft depth, fig. 27) . 10.50 inH 2 0. 

F. Estimate power requirements (obtain hp/ 
100 tons from fig. 27): 

2 4~fen ^^ 3 ' hp/1 tons X In/t5 ^ 10 "> 5 h P- 

ri 01 L ' , , , ',' 3. Ohp/100 tons X 6.73=20.19 1m. 

U. belect motor (check with fan manufac- 
turers for efficiency and power require- 
ments) : 



, - , Use 40- or 45-hp motor. 

4-fan system Use20-or25-hpn 1 otor. 
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Dvaif/n ,s'/,cm CT , 

' example 

VII. Determine opening for air entrance into stor- 

A. Provide opening with cross-sectional area 
twice that of supply pipes (equivalent of 
four 29-inch diameter supply pipes, table 
5) 4.59 ft-x4=18.36ft a . 

,, ,. 18.36 ft=X 2=36.72 ft=. 

!>. Uwliimmis opening- and protection from 

woulll(!r Check before and during aeration 

VIII. Select controls: 

A. Magnetic motor starters: 

I . a-fun system 4r>hp( line voltage _ 

a. 'Man system 25-hp, line voltage. 

I'. Manual switches; 

1 - 2-fan system 3-pole, ij ne voltage, fused. 

-. ''Ulan system jj.pnle, u ne voltage, fused. 
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PLAN VIEW 
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\'t>" OIA. i-ipf-: 
itv DIA. fun- 

HI" DIA, I'll'i; 
H3" OIA, PIPE 
(G) HO" OIA. NPE 

20" DIA, MR PERFORATED CORRUGATED 
AERATION DUCT OR EOUIVALENT 

: !)3, Lnyoiit (if aorntion system for penk-londed storage using two manifolds connected to either two or four 

fans. 



TRANSITION FROM 28" HR TO 12" DIA PIPE 

OPTIONAL PIPE CONNECTION WITH SLIDE GATE 

TRANSITION FOR DIFFERENT PIPE DIAMETERS 

TO FIT FAN 

(p SLIDE GATE 
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Example 5. Cottonseed Aeration System for Musko gee -Type Storage, Peak-Loaded 

Design steps Example 

I. Establish storage specifications: 

A. Dimensions 150 ft wide, 1GO ft long, 25-ft-high wall. 

B. Type of loading Peaked. 95 ft at peak-full, 25 ft at sidewalks 

(fig'. 34). 

C. Storage capacity: 

1. Floor area 150ftXl60ft=24,OOOft s . 

2. Volume (24,000 ft> X 26 ft, +!^2LH * * 

+ 160ftXl50ftX70ft 

g =1,177,000 ft :t . 

3. Capacity 1,177,000 ft :i ~-70 ft 3 /ton=16,820 tons. 

TI. Select type of system and airflow rate: 

A. Type of system 2 fixed fans and motors. 

B. Design airflow rate 2 ftVmin/ton. 

TIL Determine duct requirements: 

A. Total air volume 16,820 tonsX 2 ftVmin/ton=33,640 ftVmin. 

B. Total duct surface area (duct surface area 

velocity, 15 ft/min) 33,640 ftymin-f-15 ft/min=2,243 ft 2 . 

C. Aeration duct 2 central ducts center 100 ft of each unload- 

ing tunnel. 

1. Required surface area 2,243 ft 2 . 

2. Surface area per linear foot of duct . . 2,248 ftH-200ft===11.22ftVlm ft. 

3. Duct surface area provided Pallets alongside of tunnel (fig 22) or tunnel 

covered with perforated sheet metal. 

IV. System layout Figure 34. 

A. Portions of unloading tunnel sealed 
against air movement (approximately 35 

ft ) Tunnel side doors, sheet plastic, or other seal- 

ing material (fig. 23). 

B. Tunnel bulkhead doors To close off parts of duct before storage is 

filled. 

V. Determine supply pipe requirements (Cross- 

sectional area based on air velocity of 2,000 
ft/min) : 

A. Air volume per fan 33,640 ftVmiin-2=16,820 ft'/min. 

u. io connect tunnel duct to each fan (cross 

r f cti ? n) .'. 16,820 ftVmin-H-2,000 ft/min^S.41 ft 8 . 

C. Supply pipe size 40-ineh-inside-diameter pipe or tile has cross 

section of 8.73 ft 2 (table 4). 
VI. Determine fan and motor requirements: 

A. Air volume per fan i 6 ,820 ft'/min 

B. Tons per fan 16,820 tons-2-8,410 tons. 

0. Static pressure (use 80-f t depth, fig. 28) . . 20.5 inl-LO. 

D. Estimate power requirements (obtain 

horsepower per 100 tons from fig. 28) . . 1.4hp/ P er 100 tonaX 84=117.0 hp. 
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13. Select motor (check with fan manufac- 
turer for efficiency and power require- 
ments) Use 120 hp motor. 

VII. Opening- for air entrance into storage; 

A. Provide opening 1 with cross-sectional area 
twice that of two 40-inch-diameter supply 

pipes (table 5) 8.73 ft- X 2=17,46 ft 2 . 

17.46 ft s X 2=34.92 ft 5 

B. Continuous opening and protection from 

weather Check before and during aeration. 

VFTT. Select controls: 

A. Magnetic motor starters 120-hp, line voltage. 

B, Manual switches 3-pole, line voltage, fused. 




SECTION OF TUNNEL SHOWING AERATION DUCT IN PLACE 
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INSIDE DIAMETER SUPPLY 
PPE OR EQUIVALENT 

NEW TUNNEL COVERED WITH 
PERFORATED METAL 



SHUT OFF DOOR 
2'x6" 
CD E?"x4' 



TUNNEL DOOR 
FIGURE 34. Layout of aeration system for peak-loaded storage using: two central ducts and two fans. 
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